ABSTRACT. The fat mass-and obesity-associated gene (FTO) is involved in energy metabolism, but little is known about the chicken FTO gene. The objective of the current study was to detect chicken FTO expression patterns in the hypothalamus, liver, and skeletal muscle during development, and analyze the effects of age and breed on FTO expression. Real-time quantitative polymerase chain reaction results revealed that chicken FTO mRNA was expressed in all of the tissues tested. Chicken FTO exhibited tissue-and breed-specific patterns in the recessive White Plymouth Rock chicken and the Qingyuan partridge chicken. The highest FTO expression level was in the hypothalami of 1-week-old chicks. FTO mRNA was expressed more in the breast muscles and livers of recessive White Plymouth Rock chickens than those of Qingyuan partridge chickens at 1 and 8 weeks of age. These results indicate that FTO probably plays a significant role in energy metabolism at 1 week old, when chicks have undergone metabolic adaptations from yolk dependence to the utilization of exogenous feed.
INTRODUCTION
The fat mass-and obesity-associated gene (FTO) has been found to be significantly associated with the human body mass index (Weedon et al., 2007) , obesity, and type 2 diabetes by several independent genome-wide association studies (Grant et al., 2008; Attaoua et al., 2009; Li et al., 2010) .
The FTO gene is highly conserved, and is found in vertebrates such as fish, chickens, and humans; this suggests that its ancestor was extant 450 million years ago (Fredriksson et al., 2008) . Considerable progress has been made in understanding the function of FTO. FTO encodes a protein that is homologous to the DNA repair AlkB protein. The AlkB family proteins utilize iron, α-ketoglutarate, and dioxygen to perform the oxidative repair of alkylated nucleobases in DNA and RNA (Jia et al., 2008) . FTO loss in mice leads to postnatal growth retardation and a significant reduction in adipose tissue and lean body mass, but body composition remains relatively normal. Consistent with growth retardation, FTO mutant mice have reduced serum levels of IGF-1. FTO is functionally involved in energy homeostasis by the control of energy expenditure (Fischer et al., 2009 ). FTOdeficient mice (FtoI367F) are lean and protected from obesity (Church et al., 2009 ). In addition, FTO is involved in the regulation of food intake; the overexpression of FTO in mice leads to increased food intake and results in obesity (Church et al., 2010) . The results of several studies suggest that food intake is greater in humans who carry at-risk FTO single nucleotide polymorphisms (Cecil et al., 2008; Speakman et al., 2008; Timpson et al., 2008; Wardle et al., 2009) . Moreover, the specific deletion of FTO in the nervous system results in similar phenotypes as a whole-body deletion, indicating that FTO functions in the central nervous system to regulate postnatal growth (Gao et al., 2010) . However, little is known about the avian FTO gene and its function.
The recessive White Plymouth Rock chicken has been intensively selected over many generations for meat production, and the Qingyuan partridge chicken is an important indigenous breed that is found in Qingyuan city, Guangdong Province, China. It is a light body-type breed with good meat quality. The two chicken breeds differ greatly in their growth efficiency and behavior. In the present study, FTO mRNA expression profiles in different tissues of the White Plymouth Rock and Qingyuan partridge chicken were detected by realtime polymerase chain reaction (PCR), and FTO tissue-specific expression in the two breeds at different ages was also analyzed.
MATERIAL AND METHODS

Materials
The eggs of recessive White Plymouth Rock and Qingyuan partridge chickens from the same incubation batch were selected at the National Chicken Genetic Resources, Jiangsu, China. The chickens were reared under standard conditions of light and temperature. The hypothalami, livers, breast muscles, and leg muscles were collected from embryos at 8, 12, 16, and 20 days of age (ED8, etc.) and from chickens at 1, 8, 12, 14, and 16 weeks of age (W1, etc.) (N = 5-7). The samples were immediately immersed in liquid nitrogen and stored at -70°C.
Main reagents and instruments
TRNzol-A+ total RNA extraction reagent (DP421), SuperReal Premix (SYBR Green) (FP204-01), and QuantScript RT Kit (KR103-04) were obtained from Tiangen Biotech (Beijing) Co. Ltd. The instruments used were the PCR system 9700, the ABI 7500 Real-Time PCR System, a gel imaging system (Tanon 2500), and an Eppendorf BioPhotometer.
Extraction of total RNA and selection of internal reference gene
Total RNA was extracted following the instructions of the TRNzol-A+ total RNA extraction reagent, and was detected on 1.0% denaturing formaldehyde agarose gel. RNA concentration was measured using a BioPhotometer. Subsequently, 2 μg total RNA was used as a template to synthesize the first-strand cDNA, following the instructions of the reverse transcription kit. ACTB was selected as the reference gene by conducting a quantitative fluorescence test.
Design of primers and real-time PCR
The target and reference genes were amplified by quantitative fluorescence PCR using the primers listed in Table 1 . Table 1 . Primers of target genes used in the real-time PCR.
The conditions of the quantitative fluorescence PCR amplification system (total volume of 20 μL) were as follows: 10 μL 2X SuperReal Premix, 1.5 μL primers (10 pmol/μL), 0.4 μL 50X ROX reference dye, 2.5 μL template (cDNA), and ddH 2 O. The PCR started with predenaturing at 95°C for 15 min, followed by 40 cycles of denaturing at 95°C for 15 s, annealing at 55°C for 20 s, and an extension at 72°C for 32 s. The melting curve and electrophoretogram of the PCR products showed no other products except for those expected. The 2 -ΔΔCt method was used to analyze the real-time PCR data relative to the average value of the control (Livak and Schmittgen 2001) .
Statistical analysis
All of the statistical analyses were performed using SPSS 20.0 for Windows, and the data are reported as means ± SE. Comparisons between groups were performed using one-way analysis of variance, with the significance level set at P < 0.05.
RESULTS
Body weights of the two varieties
There were significant differences in body weight at W1, W8, W12, and W14 (Table 2 ).
FTO mRNA expression in different tissues of the two varieties
During embryonic development in the hypothalamus, FTO mRNA levels at ED8 and ED12 were higher than at ED16 and ED20. At ED16, FTO mRNA levels in the Qingyuan partridge chicken were higher than those in the recessive White Plymouth Rock chicken; at W14, FTO mRNA levels in the recessive White Plymouth Rock chicken were higher than those in the Qingyuan partridge chicken. The expression of FTO mRNA at W1 was significantly higher than at other ages (P < 0.01; Figure 1 ). *Significant difference between the two breeds in the same age (P < 0.05). In the recessive White Plymouth Rock chicken, FTO mRNA levels in the liver at W1 were higher than at other ages, but a similar pattern was not found in the Qingyuan partridge chicken (Figure 2 ). In the recessive White Plymouth Rock chicken, the highest levels of FTO mRNA expression were detected at ED20, W1, and W8, when they were significantly higher than those in the Qingyuan partridge chicken (Figure 3 ). In the leg muscle, FTO mRNA levels in the recessive White Plymouth Rock chicken at W8 were higher than those in the Qingyuan partridge chicken (Figure 4) . Values with the same letter are not significantly different between different embryo age in the same breed (P > 0.05), values with the different letters are significantly different between different ages in the same breed (P < 0.05). *Significant difference between the two breeds in the same age (P < 0.05).
DISCUSSION
According to the real-time quantitative fluorescence PCR results, chicken FTO was expressed in all of the tissues tested. However, the expression patterns of the two breeds were different: in the recessive White Plymouth Rock, the highest FTO expression was detected in the breast muscle at ED20, W1, and W8, while in the Qingyuan partridge chicken the highest FTO expression in the breast muscle was detected at W1 and W12. When comparing different ages, the highest FTO mRNA level was found at W8 in the recessive White Plymouth Rock chicken in the leg muscle; this result is similar to that found in a previous study, which found high FTO mRNA levels in the skeletal muscle of 8-week-old Cobb chickens (Tiwari et al., 2012) .
There are striking phenotypic differences between the Qingyuan partridge chicken and the recessive White Plymouth Rock chicken. The two breeds provide excellent models for studying the mechanisms that regulate body size and composition. In the current study, high FTO mRNA levels were found in the breast muscle of recessive White Plymouth Rock chickens, but not in the hypothalamus at W8; this result differs to those of a previous study in layers and broilers of different ages (Wang et al., 2012) . The increase in FTO mRNA levels in the breast muscle may be due to the rapid growth of skeletal muscle and body weight in commercial broilers, which have been selectively bred for body weight gain, enlarged breast muscles, and food intake (Tiwari et al., 2012) . This pattern was not found in the breast muscle of Qingyuan partridge chickens because they have not been selectively bred; the highest expression in the breast muscle of this breed was detected at W1, W12, and W14, possibly because of the slow increase in body weight exhibited by this breed.
In mammals, FTO expression has been detected in hypothalamus adipose tissue and the liver (Fredriksson et al., 2008; Stratigopoulos et al., 2008; Madsen et al., 2010) . In the rat, fasting reduces levels of FTO mRNA in the arcuate nucleus of the hypothalamus, a site where FTO expression is particularly high (Tung et al., 2010) . These results suggest that FTO is involved in food intake regulation. In the present study, FTO expression was detected in the hypothalamus, liver, and skeletal muscle of the two breeds at different developmental stages. These results are consistent with those obtained in studies of layers and broilers (Yuan et al., 2009; Wang et al., 2012; Ibba et al., 2013) .
The hypothalamus is important in energy balance, and the liver is also an important metabolism-related organ. In this study, FTO mRNA levels exhibited a similar pattern: after ED12, mRNA levels decreased; this may be due to chicken embryonic development, because at ED12 albumen absorption occurs. FTO mRNA levels increased to a peak at W1, and chickens at this age would have undergone metabolic adaptations from yolk dependence to the utilization of exogenous feed, and have recovered from the stress of hatching (Yuan et al., 2009) .
In this study, the chicken FTO gene was expressed in several different tissues in addition to the hypothalamus, suggesting that FTO may be involved in energy metabolism in chicken skeletal muscle and liver. The present study also provides evidence that FTO is related to energy homeostasis, may play a role in breed-specific body weight, and genetic selection for meat production over many generations modifies FTO expression. Further studies are necessary to elucidate the role of chicken FTO in peripheral tissues, such as skeletal muscle, in energy metabolism.
